Metal droplet deposition is a kind of additive manufacturing (3D Printing) technique that fabricates near-net part through droplets deposition with lower cost and higher efficiency. This paper proposed a solution to problems of electric power fittings that large inventories, high procurement costs, low manufacturing efficiency and transportation cost. Using additive Manufacturing techniquemetal droplet deposition, electric power fittings fabricated on power construction site. This paper describes the manufacturing process of typical thin-walled samples (the structure optimized based on additive manufacturing principle) and ball head rings of electric power fittings. Aiming at the integral AM forming for ball and ball socket electric power fitting workpiece, a novel easy removal forming support material (ceramics and gypsum mixed with UV cured resin) have been developed. Here this support material was used to fabricate nested integral workpieces. Dimensional accuracy and microstructure of the test pieces were analyzed. The error of the height and width of the forming workpiece is within 5%. No obvious overlap trace (such as overlap line and cracks) observed, and the internal microstructure is equiaxial crystal. The average density of the component is 99.51%, which measured by drainage method and 13.39% higher than the cast raw material.
Introduction
Metal additive manufacturing (3D printing) of metallic materials has become a research hotspot in additive manufacturing (AM) technology [1] [2] , which fabricates functional component directly. Currently, high power laser or electron beam are adopted as heat source in metal 3D printing [3] [4] , and raw materials are usually in powder or wire form, leading to high cost and material limitations. As a result, it is necessary to propose a new metal additive manufacturing technology that cost saving and high efficiency. In this paper a 3D printing device has been established for fabricating electric power fittings using electromagnetic induction as the heat source.
At present, the main forming methods of electric power fittings are casting and forging. The issues that large inventories, high procurement costs, low manufacturing efficiency and transportation cost have caused great economic losses.
Therefore, it is significant to fabricate electric power fittings on power construction site using high efficiency and low cost metal 3D printing process according to site requirement.
Metal droplet deposition is an additive manufacturing process during which workpieces are fabricated from molten materials without mould or other tooling. Workpieces are fabricated by droplets deposition layer-by-layer which belongs to near net shape methods. Electric power fittings are fabricated by metal droplet deposition process, satisfying the electrical repairs requirements, while reducing assembly costs and achieving zero inventories.
Researchers at the University of Toronto [5] [6] researched 3D printing technology of tiny metal workpieces, which uses pulsed air pressure to melt low-melting tin-lead metals under a pneumatic pulse. The lead or tin metal droplets with diameters between 100 and 300μm printed by layer-by-layer stacking of droplets [7] , Lee [8] produced uniform solder droplets with a molten metal inkjet system, but the material is limited to low melting metal materials. Wenbin [9] researched the droplet deposition process of metal workpieces and intermetallic compound materials, but the surface quality is low.
In this paper, the process test is carried out for typical electric power fittings with cantilever structure, and the forming accuracy and microstructure of the forming workpieces are analyzed.
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2. Experimental system and Methods Fig.1 shows a conceptual view of the droplet deposition process. It mainly consisted of a d pneumatic system, a motion control system, a forming process monitoring system and an inert environment control system. The pneumatic system is used to produce metal droplets on demand. It includes a droplet controller, a solenoid valve, a crucible, a heating furnace and a nitrogen gas resource. The motion control system is used to form the workpieces by controlling the motion of a 3D platform according to data information. It consisted of a PMAC (program multiple axes controller), a 3D movement platform and the deposition substrate. The forming process monitoring system composed by a CCD camera and an image acquisition card is used to observe the deposition process of droplets. The inert environment control system is made up of glove box and gas circulating device. It is used to prevent the metal from being oxidized. The whole process is coordinately controlled by industrial computer to complete the fabrication of workpieces. includes pneumatic drive system, droplet deposition system, inert gas protection system and three-dimensional motion translation stage.
Experimental system
The photograph in Fig.2 shows the manufacturing system established by the scholars in Xi'an JiaoTong University (China) [10] [11] . 
Experimental method
At present, the numerical simulation works [12] [13] [14] of droplets deposition and overlap processes were mainly based on simple prototypes, which couldn't reflect practical application value of the deposition process. The functional parts of electric power fittings were fabricated by successive deposition and solidification of molten aluminium droplets on a horizontally
Al alloy substrate, and the microstructure and performance of deposition parts were also analyzed.
The analysis of numerical calculation and experimental results were used to investigate the metal droplet deposition and spreading with different process parameters, such as droplet size, displacement and substrate temperature. According to this, the numerical analysis models with different overlapping conditions were established [15] [16] . The spreading and solidification mechanism of the droplets deposition within a narrow space and large temperature gradient was researched [7 , 17] . The morphology and the influences of the internal quality of the droplets on the cross-sectional feature were revealed.
The results provided technical support and reference to the electric power fittings forming.
As shown in Fig.3 , different kinds of electric power fittings are exhibited. According to structural characteristics and mechanical requirements, through reasonable selection of process parameters, the typical thin-walled workpiece (as shown in Fig.4 ) and ball head rings workpiece shown in Fig.5 were realized. At the same time, the microstructure analysis and performance test of the workpiece were carried out. The results indicated that the internal structure is dense and the mechanical properties were good. 
Results and Discussion

Thin-walled workpiece
As shown in Fig.6a to Fig.6c , the structure of typical thin-walled workpiece was redesigned based on the characteristics of metal droplet deposition. The thin-walled workpiece with 100mm*2mm dimension was fabricated by molten droplets depositing sequentially layer by layer. The experimental parameters were shown in Table 1 . During the manufacturing process, droplets with initial temperature of 950K were generated and deposited onto a 400K
substrate. Deposition experiments were carried out in glove box under inert atmosphere with low oxygen content (below 20 ppm). The argon gas pulses were imposed by a solenoid value onto the molten metal in crucible with a 0.4MPa pulse pressure and a 30 Hz pulse frequency. Therefore, the uniform droplets are ejected from the nozzle with a diameter of 0.5 mm at the bottom of the crucible, which is wrapped by a resistance heating ring. In order to stabilize the morphology and dynamic behavior of droplets, the distance between nozzle and substrate is 5 mm. The time it takes to fabricate the typical
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Mechanical 1 thin-walled workpiece is 12.5min, when the displacement speed is 30mm/s and the height interval of adjacent layer is 1mm. The height and thickness of the experimental measurements are shown in Table 2 by multiple measurements. It can be seen that the relative error in height direction is small, but it is larger in thickness direction. This is due to that the relative error of height direction is more prominent than that in thickness direction during deposition. The experimental results verify the correctness and feasibility of the typical thin-walled workpiece prepared by droplet deposition process, and provide a new method for the research of thin-walled workpiece. 
Ball head ring workpiece
As is shown in Fig.7 , the ball head ring workpiece 85 mm in length, 42 mm in width and 12 mm in height and 15 mm of the inner diameter. According to the influencing factors of droplet deposition process, the stratified cross section is shown in Fig. 7b [13] , the suitble parameters such as scanning speed, droplet temperature, nozzle diameter were selected, Workpiece of ball head ring after rough grinding is shown in Fig. 7c . The process parameters of deposition of ball head ring workpiece are the same with the parameters of thin-walled workpiece except the interlayer space. The time used for building the ball head ring workpiece was 13.5min, when the scanning speed was 30mm/s and interlayer spacing was 0.6mm. In order to verify the manufacturing accuracy of the ball head ring workpiece, by using the method of averaging through multiple measurements, the dimensional accuracy of the forming part was measured and analysed and the results are shown in table 3. 
Nested integral workpiece
Based on the principle of metal droplet deposition process, supporting materials must be added to the suspension structure, otherwise collapse will occur. Good mechanical properties, fluidity, high temperature resistance and removable property are required for supporting material. In this paper, water, gypsum powder, sand, ceramic powder, and resin are mixed in different proportions to test the supporting properties by a pneumatic system (shown in Fig.8 ). Proportions and properties of supporting material are shown in Table 4 . As is shown in Table 4 , No.3, No.4 and No.5 have high supporting strength and better surface quality so that they are suitable, and their accuracy retaining abilities were further tested, respectively. Initial samples were rectangular with a cylindrical hole, and the dimensions of the hole were measured after 12 hours standing. Results are shown in Table 5 . It can be seen from Table 5 that No.5 has the best accuracy retaining ability so it is adopted to process suspended structure.
Forming process diagram of suspended structure is shown in Fig.9 . Comparison of electric power fittings structure is shown in Fig.10 . Fig.9 Forming process diagram of suspended structure Compared with traditional subtractive method, the workpiece is simplified as an integral structure, which can greatly reduce the assembly cost.
Microstructure Analysis
The formed end-shapes were examined by SEM (scanning electron microscope). The droplet diameter was maintained at a size of about 100 μm in all experiments because at this size, the resulting droplets were the most stable. The initial droplet diameter was measured by integrating Nikon AF Micro 200 mm and Monarch Nova-Strobe BBX 115/230 Digital Portable Stroboscope. As illustrated in Fig.11 , no obvious overlap trace (such as overlap line and cracks) was observed, and the internal microstructure is equiaxial crystal.
Density Measurement
Density was measured by drainage method, measuring principle diagram of which is shown in Fig.12 . Densification degree can be calculated by:
This paper takes six pieces of droplet deposition components and raw casting material respectively for densification test, results are shown in Fig.13 . The average density of droplet deposition component and raw casting material were respectively 99.51% and 86.12%.
Droplet deposition isn't like casting which usually has defects such as air entrainment and shrinkage, so that the densification is higher.
Conclusions
Experiments proved that the typical electric power fittings fabricated by droplets depositing satisfied the using requirements.
(1) Through suitable parameters, such as substrate temperature and moving speed, the droplet deposition process was experimentally investigated.
(2) Aiming at the integral AM forming for ball and ball socket electric power fitting workpiece, the composition and performance of forming support material are researched. Nested integral workpieces were fabricated with this support material.
(3) Dimensional accuracy and microstructure analysis of the workpieces were carried out. No obvious overlap trace (such as overlap line and cracks) was observed, and the internal microstructure is equiaxial crystal.
(4) Density is measured by drainage method. The average Density of droplet deposition components is 99.51%, which is much higher than the cast raw material.
